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ABSTRACT 
 
 
 
 
Nowadays, power distribution systems are evolving from commercial building and 
domestic use. The problem occurs when every single electronic appliances or 
electronic power supply are used a new conversion technology such as Switch Mode 
Power Supply (SMPS) that can create harmonics in the electrical system. For the 
nonlinear loads, the harmonic current is created in with additional to the fundamental 
AC current waveform and transforms the shape of the current from sine wave to other 
form such as “double-hump”. This form of wave can affect the power quality in both 
the distribution system equipment and the loads connected to it.  Therefore this 
research is proposing a solution by developing of time delay current controller using 
Raspberry Pi for 3 phases Active Power Filter to eliminate current harmonics and 
improve the input power quality. The model was perform in MATLAB/Simulink and 
also implements the hardware by using Raspberry Pi as a digital signal processing 
system. The implementation of the time delay current controller is designed by 
simulation for controlling the Active Power Filter (APF) and reduces the harmonics 
and hardware experimental results are presented. Finally, the output current waveform 
will be compensated from “double hump” wave into sinusoidal waveform and the 
harmonics in the system will be reduced. 
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ABSTRAK 
 
 
 
 
Pada masa kini, sistem pengagihan kuasa yang berkembang dari bangunan komersil 
dan penggunaan domestik. Masalah yang timbul ialah apabila setiap peralatan 
elektronik tunggal atau bekalan kuasa elektronik menggunakan teknologi penukaran 
baru seperti Tukar Mod Bekalan Kuasa (SMP) dimana harmonik akan terbentuk dalam 
sistem. Kesan beban linear adalah mewujudkan semasa harmonik sebagai tambahan 
kepada asas AC bentuk gelombang semasa dan mengubah bentuk semasa daripada 
gelombang sinus ke bentuk lain seperti "dua bonggol". Ia boleh memberi kesan kepada 
kualiti kuasa dalam kedua-dua peralatan sistem pengedaran dan beban yang berkaitan 
dengannya. Oleh itu kajian ini mencadangkan penyelesaian dengan perkembangan 
masa melambatkan pengawal semasa menggunakan Raspberry Pi untuk 3 fasa aktif 
pilih kuasa di mana objektif utama adalah untuk penghapusan harmonik dan 
peningkatan kualiti kuasa. Model ini menggunakan MATLAB / Simulink dan juga 
melaksanakan perkakasan dengan menggunakan Raspberry Pi sebagai sistem 
pemprosesan isyarat digital. Penggunaan pengawal semasa kelewatan masa direka 
oleh simulasi untuk mengawal penapis kuasa aktif (APF) dan mengurangkan harmonik 
dan perkakasan keputusan eksperimen akan dibentangkan. Akhir sekali, bentuk 
gelombang arus keluaran berubah daripada bentuk “dua bonggol” kepada bentuk 
gelombang sinus asli dan harmonic di dalam sistem akan berkurangan seterusnya 
menambahbaik kualiti kuasa elektrik.  
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
This chapter will introduce about project background, problem statement, aim, 
objectives and scopes of the development of time delay current controller using 
Raspberry PI for 3 phase active power filter for unbalanced load improvement.  
 
1.1 Project Background 
 
In industries, mostly Active Power Filter (APF) has been widely applied in power 
system distribution for compensating the current harmonics and improving the power 
quality that are caused by unbalanced load and non-linear load. The performance and 
quality of active power filter is influenced by the current control techniques.  
 There are many types of current control have been studied over years and still 
prefer as its good dynamic scan make out the output to a steady state as the smallest 
number of time steps. 
 In an ideal condition of three phase system, the phase voltages are continuous 
single frequency sine waves with the condition of having a constant frequency and 
amplitude. For the situation of unbalanced load and non-linear load that are connected 
to an ideal three phase voltages occurs that phase currents are becoming not  a 
sinusoidal waves but its consist of  such as consist of various frequency components 
that area also known as harmonics and interharmonics. Harmonics can be define as 
component of order greater than one of the Fourier series of a periodic Quantity [1], 
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while interharmonics can be defined a frequency component of a periodic quantity that 
is not an integer multiple of the frequency at which the supply system is operating [1]. 
 For this project the purpose is to design a time delay current controller by using 
Matlab and use the Raspberry Pi as hardware to reduce the effect of the harmonics that 
are cause by unbalanced load. As known that Raspberry Pi is a new technology which 
like a credit card sized computer which are power by ARM1176JZF-S 700 MHz 
processor. It is an open source system which can integrates with various kind of 
software that can be used to handle many applications such as controller, camera, 
games and etc.  
 In this project the ability of the Raspberry Pi are being tested by acting as time 
delay current controller. Which in this project a three phase AC voltage source are 
being supplied to an unbalanced load to create the harmonics affect. In this condition 
an active power filter (APF) will be introduce and connected into the circuit and will 
compensate the distortion current until it will become a sinusoidal waveforms.  
 Here, the Raspberry Pi will develop a time delay current controller for the 
active power filter whereas it will trigger the active power filter (APF) to react when 
there is a distortion between the supply current and the load current.  
 
Figure 1.1: Block Diagram of the Project 
1.2 Problem Statement 
 
Power quality can be defined as an interaction between supplies power system and 
load power. The IEEE standards [2] defines that the power quality as “The concept of 
powering and grounding electronic equipment in a manner that is suitable to the 
operation of that equipment and compatible with premise wiring system and other 
connected equipment.”  
 With this the unbalanced load will create a harmonics effect on to the three 
phase system due to the waveform distortion between the input line and the load line. 
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It has many disadvantages to the system that it will affect the power quality, heat rising 
and also it can damage the whole system. There are standards that determine the 
maximum allowable level for each harmonic in the Alternative Current (AC) system 
[3] .When excessive harmonic voltage and current are generated, filters are usually 
installed to reduce the harmonic distortion. There are two functions to connect 
harmonic filter at line distribution systems as listed below. 
 
(i) to reduce the harmonic voltage and current in the AC system below the 
permitted levels 
(ii) to provide some of the reactive power absorbed by the converter system[3] 
 
The nonlinear load becomes a problem because the nonlinear load will affect 
the current in the system. With nonlinear load, the resistance will varies and not 
constant, will trigger a non- sinusoidal waveform in the system [4]. The THD of 
nonlinear load can reach over 100% without any other compensation [5]. This high 
presence of THD will have effect such as degrade the power quality in the system, 
increase heat in load, and some other load will not function properly. 
 APF is used as to minimize the harmonics, but it also has several problems 
such as the presence of resonance and lead to the oscillation in the compensated current 
[11]. When the design is not precise, the noises from the APF become apparent and 
thus the output current is not the same with the desired one. 
Other than that, the time delay controller has some problems where the output 
sampled is not in the current state. The output from the controller is delayed one cycle, 
thus it will compensate the delayed sample, and if there are any changes in sample, it 
will not response immediately [8]. 
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1.3 Aim and Objectives 
 
The aim of this research is to design the time delay current controller for 3 phase active 
power filter (APF) for nonlinear load improvement. There are 3 main objectives to 
achieve this result as given below: 
 
(i) to Development and implementation of a time delay current controller 
by using MATLAB and Raspberry Pi for output-following signal in 
order to reduce the harmonic effect 
(ii) to Interface between the MATLAB Simulink and Raspberry Pi. 
(iii) to design and built a low cost current controller for three phase non 
linear load by using Raspberry Pi. 
 
1.4 Limitations / Scope of the Research 
 
The limitation and scope of this project is to research the characteristic and effect of 
the harmonic of 3 phase nonlinear load and to evaluate the performance of Active 
Power Filter (APF) based on time delay current controller. In this project the scope of 
this project are: 
1. Research of the behavior of the time delay current control technique by using 
Matlab/Simulink software for the simulation and hardware development. 
2. Construct the 600W APF circuit, where the maximum Voltage 60Vdc and the 
maximum current 10A, in order to reduce the harmonic distortion. 
3. Interface the Active Power Filter (APF) by using Matlab/simulink using 
Raspberry Pi board as main controller. 
4. Applied 3 phase rectifier as prototype of Nonlinear load with 10 Ω 50W (Wire 
Wound resistor). 
5. Test the APF circuit and Analysis the result. 
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1.5 Outline of the Thesis 
 
This report divided into 5 chapters which are introduction, literature reviews, 
methodology, result and analysis, conclusion and recommendation. 
This chapter is only about the introduction of this proposed project, it will cover the 
idea about aim, objective and limitation of this project.  
 
Chapter 2 covers the background and literature reviews. In this Chapter also describes 
the harmonics as a power quality problem. It will cover all the fundamental principles 
and the previous work that has been researched on. 
 
Chapter 3 will cover the methodology of this project. The methodology is detailed of 
the works that must be done in order to achieve the objectives of this research. 
 
Chapter 4 explains on the experiment results and discusses while doing the preliminary 
test by using Matlab.  Simulation and practical results are also demonstrated in this 
chapter.  
 
Chapter 5 concludes all the work have been done in this project and will summarize 
the problems faced during the project as well as solution found to handle and also 
identifies some area for future research work   
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
This chapter will introduce the previous research or works have been done before 
about harmonics power quality, 3 phase active power filter (APF), unbalanced load as 
well as the controller used to compensate the current shortage in the unbalanced system. 
The research including the usage of Matlab and Raspberry Pi for testing and the results 
acquired. Other than that, this chapter will emphasize the importance of this project, 
and the differences between it with other works. 
 
2.1 Harmonics as a Power Quality Problem 
 
Harmonics are qualitatively defined as sinusoidal waveforms having frequencies that 
are integer multiples in the power line frequency. In power system engineering, the 
term harmonics is widely used to describe the distortion of voltage or current 
waveforms. The harmonic problem is not a new phenomenon in power system. It was 
detected as early as the 1920s and 30s [7]. At that time, the primary sources of 
harmonics were the transformers and the main problem was inductive interference 
telephone systems. Some early investigation work on harmonic filtering in distribution 
feeders was performed around that time. Harmonic distortion can have bad effects and 
influence for electrical distribution systems. It can waste energy and lower the capacity 
of an electrical system. With the understanding of the problem rise up by harmonics 
effect and discover the sources of the harmonics, a method is designed to decrease and 
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reduce the harmonic effect and increase up the overall efficiency of the distribution 
system.  
 There are many sources that can produce harmonics in power distribution 
system. Figure 2.1 illustrate the different sources of harmonics in power distribution 
system.  
 
Conventional 
sources
 
Modern 
Electronics 
Equipment
 
Fast Switching of 
Power Electronics 
Devices
 
Sources of 
Harmonics
 
· Controlled 
Ractifiers
· Inverters
· Transformer
· Reactors
· UPS
· Printers
 
Figure 2.1: The Sources of Harmonics In Power Distribution  
 
They can be categorized of their mains areas which are fast switching 
associated of power electronic devices, conventional sources such as electrical rotating 
machines and transformers and modern electronics equipment [7]. 
Harmonics have a number of undesirable effects on the distribution system. 
They can be categorized as short and long term. Short term effect are usually most 
noticeable and are related to excessive voltage distortion but for the long term effects 
are often go undetected and are usually related to increased resistive losses or voltage 
losses [6]. 
Due to intensive use of power converters, various unbalanced load and 
increasing use of office equipment like computers, faxes, printers are reason for the 
increasing harmonics and as result deterioration if source current and voltage current 
[8]. 
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2.2 Linear Loads  
 
AC electrical loads where the wave shape of the steady state current will follow the 
wave shape of the applied voltage. When a pure sinusoidal voltage is passed through 
the resistive element, then the shape of the current wave form will be purely sinusoidal 
without distortion [9].  
 Examples of the linear loads are power factor improvement capacitors, 
indecent lamps, heaters and etc. The characteristics of linear load can be state as below: 
1. In AC circuits, linear loads’ voltage and current waveforms are sinusoidal, so 
The current at any time is proportional to voltage and these loads does not 
change the shape of the waveform of the current, but may change the relative 
timing (phase) between voltage and current.  
2. Linear loads’ impedance remains fixed with changing the applied voltage. The 
fixed impedance means that the current drawn by the linear load will be 
sinusoidal as like the voltage and the current at any time will be proportional 
to voltage.  
3. Linear loads don’t produce any new frequency (harmonics) or change the 
applied frequency. If the supply current to the linear loads is in sinusoidal shape, 
the linear loads will make the supply current remains sine wave without any 
changes. 
2.3  Unbalanced Load or Non-Linear Loads  
 
In AC loads distribution systems, when the normal electric current waveform is 
distorted by nonlinear loads. The characteristics of the non-linear load can be defined 
such as where the current is not proportional to the voltage are considered as nonlinear 
loads. Non-linear loads will generate harmonics in the distributions systems; under 
these conditions the voltage waveform is no longer proportional to the current 
waveform. 
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D1 D2 D3
D4 D5 D6
Phase A
Phase B
Phase C
 
Figure 2.2: Circuit diagram of Nonlinear load 
 
2.3 Three Phase Active Power Filter (APF) 
 
In this last decade, 3 phase APF has been widely used due to the intensive use of 
electric and electronics applications. It is recently developed to suppressing the current 
harmonics and compensating the reactive power [10]. Figure 2.3 shows the 
configuration of a three phase active power filter.  
 
 
NON LINEAR LOAD
ACTIVE
POWER 
FILTER
POWER 
SYSTEM
SUPPLY
CURRENT
LOAD 
CURRENT
if
C
FILTER OUTPUT
CURRENT
VDC
 
Figure 2.3: The configuration of a three phase active power filter [11]  
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This cause that many high end applications have been using 3 phase rectifiers 
such as arc welding, 3 phase ac induction motors and so on that will contribute to the 
non-sinusoidal current. This non-sinusoidal current will generate harmonics in the 
system and the power quality of the system will reduce. So, in order to reduce this 
harmonics, the 3 phase APF is used. The configuration of simple 3 phase APF has 
been shown in Figure 2.4. The basic principle of APF is to utilise power electronics 
technologies to produce specific currents components that cancel the harmonic 
currents components caused by the nonlinear load [6]. The harmonics will cancel out 
with the harmonics generated by the nonlinear system and as the result; the pure 
sinusoidal current will formed.  
  
 
A
B
C
Ca
 
Figure 2.4: Model of APF [12]  
 
Active power filters (APF) have many of advantages over the passive filters. 
First of it they can suppress the supply current harmonics, but also the reactive currents. 
Unlike passive filters, they do not cause harmful resonances with the power 
distribution systems. Consequently, the APFs performances are independent on the 
power distribution system properties. On the other hand, APFs have some drawbacks. 
Active filtering is a relatively new technology, practically less than four decades old. 
There is still a need for further research and development to make this technology well 
established [6].  
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APF can be connected in several power circuit configurations as illustrated in 
the block diagram shown in Figure 2.5 [6]. In general, they are divided into three main 
categories, namely shunt APF, series APF and hybrid APF [6]. 
 
Active Power Filter
Shunt APF Series APF Hybrid APF
Current Source Voltage source
Shunt APF
+
series APF
Series APF
+
Series APF
Shunt APF 
+
Shunt PF
APF in Series with 
shunt PF
 
Figure 2.5: The configuration of the active power filter by their group [6]  
 
 
2.4 Control Strategy of Active Power Filter (APF) 
 
Most part of technical literature about active filters deals with solely its application in 
balanced three-phase systems. The filter is connected to the electric installation 
through coupling inductors, for which they circulate currents synthesized for the 
current controllers, characterizing the active filter as controlled current source. The 
strategy to produce the correct control is composed  two piece basic: a system of 
identification of  the  references and a system of current control [13]. 
 
𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝜏)
𝑡
0
𝑑𝜏 + 𝐾𝑑
𝑑𝑒(𝑡)
𝑑𝑡
 
2.1 
The purpose of these references identification system is to determine which 
compensation currents that are going to be injected by the active filter in the line 
12 
distribution. When the active filter is used in systems unbalanced, the compensator has 
still the function to determine the compensation currents that become possible the 
balancing of the phases and the elimination of the neutral current. 
 
 
Figure 2.6: Block diagram of PI controller 
 
With the potential application of the modern control techniques, the traditional 
way by using PI controller is still a prefer choice for voltage vector modulation based 
current controllers as in Figure 2.6 and the equation of PI controllers are express in 
equation 2.1. For the PI controller, the filter currents are detected and transformed from 
three-phase reference frame to the a–b frame and then subtracted from the reference 
currents to detect the current errors. The PI controllers here are actually converters, 
which convert current errors into reference voltages. The reference voltages are fed to 
the vector modulation unit to generate PWM switching signals, where us is the utility 
supply voltage vector, if is the filter output current vector.  
 
2.4.1 PID Controller 
 
 
PID controller can be attributed partly to their robust performance in a wide range of 
operating conditions and partly for their practicality engineers can operate them in a 
simple and straightforward manner. Proportional-Integral-Derivative (PID) controller 
is prominent for its simplicity [13]. A PI controller is a common mechanism used in 
industrial control applications. A PID controller is capable used for regulation of 
temperature, pressure, flow, speed and other process variables. PID controlled system 
is a combination of three elements which are proportional, integral and derivative.  
𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝜏)
𝑡
0
𝑑𝜏 + 𝐾𝑑
𝑑𝑒(𝑡)
𝑑𝑡
 
(2.1) 
Figure 2.7 shows the block diagram of a PID controller in a feedback loop and the 
equation of PID are express in equation 2.2. The theory of proportional is the error is 
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multiplied by a negative (for reverse action) proportional constant P, and added to the 
current output. P represents the band over which a controller’s output is proportional 
to the error of the system. For integral, the error is integrated (averaged) over a period 
of time, and then multiplied by a constant I, and added to the current control output. I 
represent the steady state error of the system and will remove measured value errors. 
Derivative is the rate of change of the error is calculated with respect to time, 
multiplied by another constant D, and added to the output. The derivative term is used 
to determine a controller’s response to a change or disturbance of the process 
temperature. The larger the derivative term, the more rapidly the controller will 
respond to changes in the process value. 
 
 
Figure 2.7 A block diagram of a PID controller in a feedback loop 
 
Relate the system to APF, conventional PID controllers used to extract the 
fundamental component of the load current thus facilitating reduction of harmonics 
and simultaneously controlling dc-side capacitor voltage of the voltage source inverter 
because of their benefit to the system that PID controller gives better speed response 
in terms of settling time, rise time and steady state error. 
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2.4.2  Fuzzy Logic Controller 
 
 
Fuzzy logic controller (FLC) has been significance a good alternative solution in many 
applications [15]. The advantages of fuzzy logic controllers are more robust than 
conventional controllers; there is no specific requirement a mathematical model and 
able to handle non-linearity. FLC is the evaluation of a set of simple linguistic rules to 
determine the control action [14] [15]. Fuzzy Logic incorporates a simple rule-based, 
for example IF X AND Y THEN Z approaches to a solving control problem rather than 
attempting to model a system mathematically. The FLC model is empirically-based, 
relying on an operator’s experience rather than their technical understanding of the 
system. 
The desired inverter switching signals of the shunt active filter are determined 
according the error between the compensate currents and reference currents. 
According [14] produced a paper on Fuzzy Logic controller for shunt Active Power 
Filter; the paper presents Active Power Filter based in detection load current and 
harmonic voltage at the point of installation by using the fuzzy logic method and to 
improve compensation capability of APF. The shunt APF is implemented with PWM 
current controlled voltage source inverter and switching patterns are generated through 
a fuzzy logic control.  
 
A fuzzy logic-based pulse width modulator (PWM) control technique is used 
to generate the gating signals. Switching signal obtained [14] after proper 
amplification and isolation are given to the switching devices of the PWM converter. 
The DC link capacitor voltage is maintained constant by a fuzzy logic controller. Fuzzy 
logic is characterized by seven sets of membership function for each input and output 
variable by using Mamdani-type min operator and defuzzification using the centroid 
method. The performance of fuzzy logic controller is found to be excellent, total 
harmonic distortion is (THD) reduced and improve by tuning the fuzzy rule based 
using an expert view to produce more effectiveness and accuracy of controller. 
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2.4.3 Time Delay Current Controller 
 
In a conventional digital control system the time delay is usually dtermine as  at least 
one sampling step because of data sampling, computation and PWM control signal 
sending out to process, so it is only at the next sampling instant that the consequence 
of this control action will be observed. Figure 2.8 shows the equivalent control block 
diagram of the current control loop, where L represents the line inductance and e2sTd 
represents the effect of computational time delay [11].  
 
The delay could cause significant overshoot and oscillation in the case of high 
di/dt current regulation. To remove the effect of dead in the time delay Td from the 
closed-loop system, a Smith predictor  is deployed in the current control loop [11]. 
Here the line inductor model included is treated as delay-free model and has been used 
to generate the output signal. This delay free output signal is then used in the 
conventional feedback loop, instead of system output. To ease for the errors in the 
delay free model, the separate delay parameter, e2sTd , has been introduced and 
implemented. To simplify the implementation of the Smith predictor in a digital 
control system, in this work, the Smith predictor is only deployed in the proportional 
(deadbeat) current control loop [14].  
 
PID 
Controller
Delay  1/S
+
- ifief
 
Figure 2.8 Time delay current control for the active power filter[11]  
 
2.5  Raspberry Pi 
 
A Raspberry Pi is a new technology which like a credit card sized computer which are 
power by ARM1176JZF-S 700 MHz processor. It is an open source system which can 
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integrates with various kind of software that can be used to handle many applications 
such as controller, camera, games and etc.  
  
Figure 2.9: A Raspberry Pi Microcontroller 
 
2.5.1  Specification of Raspberry Pi  
 
It come with version whereas Model A and Model B, which are Model A is cheaper 
than the Model B. It has some differences between this model where the Model A has 
a 256MB memory, which come with single USB port and doesn’t have any Ethernet 
port whereas Model B has 512MB memory, 2 USB port and an Ethernet port as in 
Table 2.1. Figure 2.10 shows the hardware configuration of Raspberry Pi.  
 
 
Figure 2.10: Hardware configuration of Raspberry Pi 
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Table 2.1: Specification of the Raspberry PI 
Target price:  Model A Model B  
System-on-a-
chip (SoC):  
Broadcom BCM2835 (CPU + GPU. SDRAM is a separate chip 
stacked on top)  
CPU:  700 MHz ARM11 ARM1176JZF-S core  
GPU:  
Broadcom VideoCore IV,OpenGL ES 2.0,OpenVG 1080p30 
H.264 high-profile encode/decode  
Memory 
(SDRAM)iB  
256 MiB (planned with 128 MiB, 
upgraded to 256 MiB on 29 Feb 
2012)  
256 MiB (until 15 Oct 2012); 
512 MiB (since 15 Oct 2012)  
USB 2.0 ports:  1 (provided by the BCM2835)  2 (via integrated USB hub)  
Video outputs:  Composite video | Composite RCA, HDMI (not at the same time)  
Audio outputs:  TRS connector | 3.5 mm jack, HDMI  
Audio inputs:  none, but a USB mic or sound-card could be added  
Onboard 
Storage:  
Secure Digital|SD / MMC / SDIO card slot  
Onboard 
Network 
None  10/100 wired Ethernet RJ45  
Low-level 
peripherals:  
General Purpose Input/Output (GPIO) pins, Serial Peripheral 
Interface Bus (SPI), I²C, I²S, Universal asynchronous 
receiver/transmitter (UART)  
Real-time clock  None  
Power ratings:  300 mA, (1.5 W) 700 mA, (3.5 W)  
Power source:  5 V (DC) via Micro USB type B or GPIO header  
Size:  85.0 x 56.0 mm x 15mm  85.0 x 56.0 mm x 17mm  
Weight:  31g  40g  
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2.4.2 General Purpose Input or Output (GPIO) of Raspberry Pi  
 
On the raspberry Pi, it has several type of interfaces and it can be configure used for a 
lot of applications. It has 17 pins available to operate in GPIO mode and it also can be 
configurable whether as input or output pins. Each of them carries only one bit data.  
The GPIO voltage levels are 3.3 V and are not 5 V tolerant. There is no over-voltage 
protection on the board. Its intention is for the purpose of person who is interested in 
serious interfacing which will use an external board with buffers, level conversion and 
analog I/O. Figure 2.11 the layout of the GPIO pin header for the Raspberry Pi. 
 
Figure 2.11: The layout of the GPIO pin header for the Raspberry Pi 
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CHAPTER 3 
 
 
METHODOLOGY 
 
 
This chapter will discuss more about methodology of this project has been outlined to 
achieved the desired output. This methodology divide into five basic parts which are 
research, unbalanced load problem, time delay Current Controller Design, Gate Driver 
circuit design, current sensor design, Active Power Filter Design and lastly interfacing 
between raspberry PI and hardware. 
 
3.1 Block Diagram 
NON LINEAR 
LOAD
3 PHASE 
INVERTER
GATE DRIVER 
CIRCUIT
TIME DELAY 
CONTROLLER
CURRENT 
SENSOR
 
Figure 3.1: Block diagram of the project  
 
Figure 3.1 shows the block diagram of the whole project of development of time delay 
current controller using raspberry pi, This development of Active Power Filter (APF) 
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consists of five main parts which are the DC power supply as the input, three phase 
inverter, current sensor as a feedback input current to the controller, gate driver circuit 
as an isolator circuit and PWM signal generator, and time delay current controller. The 
first part is when a DC input voltage fed into a three phase inverter system, this will 
transform the inverter and performs it as Active Power Filter (APF). The gate drivers 
use a 5 Vdc while the inverter input voltage depends on the loads that need to be 
powered.  
Second part is the gate driver circuit which has a function that to double up the 
PWM signal from the Raspberry Pi and also perform as isolator circuit. The gate driver 
will double up the number of the amplitude of the signal PWM to the three phase 
inverter. For this project, the gate driver will produce six PWM signal from controller 
and it means every gate of power MOSFET or IGBT will control by Raspberry Pi.  
Third part is 3 phase inverter, the general function of the inverter is to convert 
the DC voltage to the AC voltage. The focus of three phase inverter in the system is to 
produce a quality of three phase current APF to the system.  The 3 phase inverter also 
known as the six switch inverter type or full bridge inverter and it will receive the 
output PWM from the gate driver. The fourth part is current sensor, Current sensor are 
connected to each voltage phases for measure the line current that flow from supply to 
nonlinear load and the output of sensor will used as a feedback controller.  
The main part of the APF system is the controller. The time delay current 
control methods will act as the controller unit that embedded into Raspberry Pi. For 
the Raspberry Pi to perform it purpose it will need an analogue to digital converter to 
change the input signal which are in continuous waveform into digital signal. Then the 
controller will subtract the line current with the reference current and the result will 
feed into DSP controller that is Proportional Integral (PI) and Integral to digitalize the 
result and compare with feedback current to generate the pulse width modulation using 
S-R flip-flop with clock to feed into the three phase inverter which are embedded into 
the Raspberry Pi. With feeding the PWM signal to the inverter, it will rescale the 
current output to power up the load. For the load component consist of six diode that 
are connected to the three phase power supply to act as nonlinear load. The diode will 
interrupt the fundamental waveform of current from supply and create “double hump” 
waveform. 
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3.2 Gate Driver Design 
 
The gate driver circuit are design to amplify the PWM input from the current controller, 
it is because of the pulse and amplitude doesn’t meet the criteria for the power 
transistor for switching purpose and isolate controller circuit with power circuit. The 
circuit are consist of several component that are listed in Table 3.1. 
Table 3.1: List of the components for gate driver circuit 
No Component Unit 
1 IC 7414 3 
2 IC 4081 3 
3 HCPL3120 6 
4 Capacitor 1nF 6 
5 Resistor 4.3kΩ 2 
6 Resistor 560Ω 2 
7 Resistor 10Ω 2 
8 Resistor 10kΩ 12 
 
Figure 3.2 shows the schematic diagram of gate driver circuit that will be design. The 
signal PWM that will be generate by the raspberry pi controller will split into two 
PWM signal by the Hex Schmit-Trigger Inverter or NOT gate (IC 7414) and it will 
flow through the zener diode as a protection to the circuit from current feedback. 
Inverter circuit need 2 signal that not switch ON at the same time, so the first output 
of the IC 7414 will remain same with the output of the controller but the second output 
are invert from the first output 
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Figure 3.2: The schematic diagram of the gate driver circuit 
 Both of the output from the NOT gate IC 7414 flow into the Quad 2 input AND 
gate IC 4081. The IC 7414 consists of four AND gate. Two output signals from the IC 
7414 were add to each other to double up the amplitude of the PWM before flow into 
the Gate Drive Optocoupler (HCPL3120). 
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Figure 3.3: Hardware of gate driver circuit 
 Optocoupler HCPL3120 consists of LED optically that are coupled to an 
integrated circuit with a power output stage; it works like an isolator circuit from 
controller circuit that generate PWM to the switching component (power IGBT or 
MOSFET) and it is ideally suited for driving power IGBT’s or power MOSFET’s used 
in a nonlinear load inverter application. The minimum supply voltage of this 
Optocoupler is 15V that are taken directly from supply. 
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3.3 Time Delay Current Controller Design 
 
Figure 3.4: Design of the time delay current controller.  
 
Although the current controller provides a very fast dynamic response, it is very 
sensitive to the time delay in digital control systems. In a conventional digital control 
system the time delay is usually at least one sampling step because of data sampling, 
computation and PWM control signal sending out to process, so it is only at the next 
sampling instant that the consequence of this control action will be observed.  
 
The idea is to create a system that can be controlled as if it was its own 
minimum phase equivalent. Some knowledge about the controlled system is required 
to be able to predict its reaction. With this information, it is possible to make the 
predictable current signal available to the feedback loop before the delay time. This is 
done by adding the predicted current to the feedback signal without a delay. The 
feedback loop then “sees” the predicted value of the current at the same time, when it 
is actually generated. In digital motion control systems this is easily implemented. The 
predicted signal has to be subtracted from the feedback signal again after the delay 
time has elapsed, because at that time the regular feedback signal contains the 
information of the real effect of the voltage command.  
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